Ras-responsive genes and tumor metastasis.
Transfected ras oncogenes have been shown to induce metastatic properties in some cells. Clarification of the mechanisms by which ras is able to increase the metastatic ability in model systems will improve our understanding of tumor progression to metastasis, even in those cells in which ras activation has not been implicated. Many of the consequences of ras expression also have been detected in cells that have become metastatic in the apparent absence of an altered ras gene, suggesting that there is a set of common changes that can lead to metastasis with multiple signals capable of eliciting these changes. These changes, which have been documented for some ras-transformed cells, include increased expression or activity of various degradative enzymes, including metalloproteinases (type IV collagenases) and cysteine proteinases (cathepsins L and B), as well as decreased expression or activity of their inhibitors (TIMPs and cystatins, respectively). In addition, some metastatic ras-transformed cells have an increased expression of calcyclin, a cytoplasmic calcium-binding protein, and osteopontin, a secreted calcium-binding protein with possible adhesive function. Not all cells, however, respond in the same fashion to a ras oncogene signal. Some cells are resistant to ras-mediated tumor progression to metastasis. Understanding the mechanism by which these cells fail to respond to a specific oncogene signal may provide clues with broader applicability and potential therapeutic relevance. In this review, we summarize some of the studies in which ras has been used as a tool to learn about the molecular requirements for metastasis. We discuss ras-mediated changes in gene expression and how these may contribute to metastatic ability, as well as some possible mechanisms by which ras expression may result in altered expression of other genes. We also consider some cell lines which appear to be resistant to an oncogenic ras signal and possible mechanisms for this nonresponsiveness. These studies are providing insights into the molecular mechanisms of tumor metastasis and the responses of cells to oncogenic signals.